Bi(NO3)3·5H2O: An efficient catalyst for one-pot synthesis of 3-((aryl)(diethylamino)methyl)-4-hydroxy-2H-chromen-2-ones and biscoumarin derivatives  by Zahiri, Samaneh & Mokhtary, Masoud
Af
t
d
©
(
K
r
1
a
c
a
a
d
t
(
i
f
P
h
1
(Journal of Taibah University for Science 9 (2015) 89–94
Available  online  at  www.sciencedirect.com
ScienceDirect
Bi(NO3)3·5H2O: An efficient catalyst for one-pot synthesis of
3-((aryl)(diethylamino)methyl)-4-hydroxy-2H-chromen-2-ones
and biscoumarin derivatives
Samaneh Zahiri, Masoud Mokhtary ∗
Department of Chemistry, Rasht Branch, Islamic Azad University, Rasht, Iran
Available online 4 November 2014
bstract
An efficient one-pot synthesis of 3-((aryl)(diethylamino)methyl)-4-hydroxy-2H-chromen-2-one derivatives has been developed
rom diethyl amine, aromatic aldehyde and 4-hydroxy coumarin via Mannich type reaction in the presence of Bi(NO3)3·5H2O. Also,
he reaction of arylaldehyde, 4-hydroxy coumarin, guanidine or acetamide in the presence of Bi(NO3)3·5H2O lead to biscoumarin
erivatives and guanidine or acetamide remained unchanged.
 2014 Taibah University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
http://creativecommons.org/licenses/by-nc-nd/3.0/).
lamino)
potent specific coronary vasodilator drug that has been
used for many years in the treatment of angina pec-
toris [3,4] (Fig. 1). Mannich reaction is one of the
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.  Introduction
The coumarin derivatives have received considerable
ttention because they possess several types of pharma-
ological properties, such as antibacterial, anticancer,
nti-HIV, anticoagulant, antioxidant and spasmolytic
ctivities [1]. A series of 7-diethylaminocoumarin
erivatives were synthesized and the cytotoxicities were
ested against human umbilical vein endothelial cell
HUVEC) and some cancer cells. In particular, the
nhibition activity of I  against tested cancer cell lines∗ Corresponding author. Tel.: +98 13334224307;
ax: +98 13334223621.
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was comparable to a positive control, paclitaxel, and
compounds II  showed a high selectivity for HUVEC,
which in turn can be potentially utilized as lead com-
pounds to develop nontoxic angiogenesis inhibitors
[2]. In addition, carbochromen (3-diethylaminoethyl-
7-ethoxycarbonylmethoxy-4-methylcoumarin) III  is a. This is an open access article under the CC BY-NC-ND license
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Fig. 1. Anti cancerous active coumarins (I, II) and carbochromen (III).
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most important synthetic methods for carbon–carbon
bond-forming reactions for the synthesis of nitrogen con-
taining organic molecules [5,6]. Recently, a few methods
have been reported for synthesis of benzylamino
coumarin derivatives such as Triton X-100 [7], InCl3 [8]
and nano-ZnO [9]. Also, a number of methods have been
reported for the synthesis of biscoumarins by reaction of
4-hydroxycoumarin and various aldehydes [10–16].
With increasing environmental concerns, the need for
environmentally friendly organic synthesis has gained
increased importance. In this regard, bismuth(III) com-
pounds are especially attractive as “green” catalysts for
organic synthesis. Bismuth(III) compounds are remark-
ably nontoxic, relatively air and moisture stable, noncor-
rosive and easy to handle [17]. Herein, we were inter-
ested in the development of one-pot multicomponent
synthesis of 3-((aryl) (diethylamino)methyl)-4-hydroxy-
2H-chromen-2-one derivatives from diethyl amine,
aromatic aldehyde, and 4-hydroxy coumarin via Man-
nich type reaction catalyzed by Bi(NO3)3·5H2O
(Scheme 1).
2.  Experimental
All chemicals were purchased from Merck chemical
company. Melting points were recorded on an electro
thermal melting point apparatus. The NMR spectra were
recorded in CDCl3 with TMS as an internal standard
on a Bruker Avance DRX 400 MHz spectrometer. FT-
IR spectra were determined on a SP-1100, P-UV-Com
instrument. Products were separated by simple filtra-
tion, and identified by FT-IR, 1H NMR and 13C NMR
spectra.
2.1.  Synthesis  of  3-((aryl)(diethylamino)methyl)-4-
hydroxy-2H-chromen-2-one  derivatives
A mixture of aldehyde (1 mmol), diethyl amine
(1 mmol), 4-hydroxy coumarin (1 mmol) and
Bi(NO3)3·5H2O (0.25 mmol) was taken in ethanol
(5 mL) in a round-bottom flask. The reaction mixture
was stirred at reflux temperature. After the starting
materials disappeared (by TLC) the reaction mixture
was quenched by water, the solid compound obtained
was filtered off and the crude products were purifieda-f
.
by recrystallization from EtOH. Evaporation of the
solvent under reduced pressure afford desired product
in 90–96% yield.
2.1.1. 3-((Diethylamino)(phenyl)methyl)-4-
hydroxy-2H-chromen-2-one  (a)
m.p. 226–228 ◦C; FT-IR (KBr): 3406, 2985, 2831,
1671, 1603, 1550, 1200, 1047, 779 cm−1; 1H NMR
(400 MHz, DMSO-d6): δ: 8.16 (s, br. 1H), 7.80 (dd, 1H,
J = 7.6, 1.6 Hz), 7.50 (td, 1H, J  = 8.4, 1.6 Hz), 7.20–7.27
(m, 2H),7.08–7.17 (m, 5H), 6.28 (s, 1H), 2.92 (q, 4H,
J = 7.4), 1.15 (t, 6H, J  = 7.2) ppm; 13C NMR (100 MHz,
DMSO-d6): 168, 165, 153, 143, 131, 128, 127, 125, 124,
123, 120, 116, 104, 42, 36, 11.5.
2.1.2. 3-((4-Bromophenyl)(diethylamino)methyl)-4-
hydroxy-2H-chromen-2-one  (b)
m.p. 198–199 ◦C; FT-IR (KBr): 3452, 3008, 2856,
2740, 1649, 1606, 1539, 1200, 1174, 1066, 804 cm−1;
1H NMR (400 MHz, DMSO-d6): δ: 8.18 (s, br. 1H),
7.81 (d, J  = 7.2 Hz, 1H), 7.51 (t, 1H, J = 7.2 Hz), 7.34
(d, J = 8 Hz, 2H), 7.21–7.27 (m, 2H), 7.0 (d, J  = 8 Hz,
2H), 6.22 (s, 1H), 2.91 (q, 4H, J  = 7.2 Hz), 1.14 (t, 6H,
J = 7.2 Hz) ppm; 13C NMR (100 MHz, DMSO-d6): 168,
165, 153, 142, 131, 129, 123, 120, 118, 116, 103, 42, 36,
11.5 ppm.
2.1.3.  3-((Diethylamino)(4-ﬂuorophenyl)methyl)-4-
hydroxy-2H-chromen-2-one  (c)
m.p. 224–226 ◦C; FT-IR (KBr): 3452, 3100, 2857,
2741, 1680, 1600, 1510, 1226, 1300, 1100, 837,
777 cm−1; 1H NMR (400 MHz, DMSO-d6): δ  8.17
(s, br. 1H), 7.80 (d, J  = 8.0 Hz, 1H), 7.50 (t, 1H,
J = 7.4 Hz), 7.20–7.26 (m, 2H), 7.08 (m, 2H), 6.96 (m,
2H), 6.22 (s, 1H), 2.92 (q, 4H, J  = 7.2 Hz), 1.15 (t, 6H,
J = 7.2 Hz) ppm; 13C NMR (100 MHz, DMSO-d6): 168,
165, 162, 160, 153, 139, 131, 129, 128, 124, 123, 120,
116, 115, 114, 104, 42, 36, 11.5 ppm.
2.1.4. 3-((2-Chlorophenyl)(diethylamino)methyl)-4-
hydroxy-2H-chromen-2-one  (d)
◦m.p. 248–250 C; FT-IR (KBr): 3444, 3100, 2929,
2829, 1697, 1606, 1556, 1200, 1178, 1105, 1047,
796 cm−1; 1H NMR (400 MHz, DMSO-d6): δ  8.17 (s,
br. 1H), 7.81 (dd, J = 7.6, 1.6 Hz, 1H), 7.49 (td, 8.6,
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Table 1
Synthesis of 3-((aryl)(diethylamino)methyl)-4-hydroxy-2H-chromen-2-one catalyzed by Bi(NO3)3·5H2O.a
Entry Aldehyde Amine Time (h) Yield %b M.P. (◦C)
a CHO (CH3CH2)2NH 2 90 226–228
b CHOBr (CH3CH2)2NH 1.45 95 198–199
c CHOF (CH3CH2)2NH 1.45 96 224–226
d CHO
Cl
(CH3CH2)2NH 1.45 94 248–250
e CHOCH3 (CH3CH2)2NH 2 92 235–237
f CHO
NO2
(CH3CH2)2NH 1.45 94 247–248
 (1 mm
1
7
1
D
1
2
h
1
(
J
7
4
1
1
1a Reaction and conditions: 4-hydroxy coumarin (1 mmol), aldehyde
b Isolated yields.
.6 Hz, 1H), 7.40 (d, J  = 7.6 Hz, 1H), 7.20–7.25 (m, 2H),
.11–7.19(m, 3H), 6.15 (s, 1H), 2.91 (q, 4H, J  = 7.2 Hz),
.14 (t, 6H, J = 7.2 Hz) ppm; 13C NMR (100 MHz,
MSO-d6): 168, 164, 153, 141, 133, 131.3, 130, 129,
27, 126, 124, 123, 120, 116, 103, 42, 36, 11.5 ppm.
.1.5. 3-((Diethylamino)(p-tolyl)methyl)-4-
ydroxy-2H-chromen-2-one  (e)
m.p. 235–237 ◦C; FT-IR (KBr): 3452, 3008, 2856,
649, 1606, 1539, 1270, 1174, 804 cm−1, 1H NMR
400 MHz, DMSO-d6): δ: 8.16 (s, br. 1H), 7.81 (dd,
 = 7.6, 1.6 Hz, 1H), 7.50 (td, J  = 8.4, 1.6 Hz, 1H),
.20–7.27 (m, 2H), 6.96 (s, br. 4H), 6.22 (s, 1H), 2.91 (q,
H, J = 7.2 Hz), 2.22 (s, 3H), 1.14 (t, 6H, J = 7.2 Hz) ppm;
3C NMR (100 MHz, DMSO-d6): 168, 165, 153, 140,
34, 131, 129, 124, 123, 120, 104, 116, 103, 42, 36, 21,
1.5 ppm.
O
OH
O
+ + NH2
X
R
EtOH/ reflux
ArCHO
X= NH, O
R = NH2, CH3
Bi(NO3)3.5H2
Scheme 2ol), diethyl amine (1 mmol) and Bi(NO3)3·5H2O (0.25 mmol).
2.1.6.  3-((Diethylamino)(2-nitrophenyl)methyl)-4-
hydroxy-2H-chromen-2-one  (f)
m.p. 247–248 ◦C; FT-IR (KBr): 3406, 2985, 2831,
1693, 1606, 1554, 1529, 1331, 1200, 1107, 759 cm−1;
1H NMR (400 MHz, DMSO-d6): δ: 8.2 (s, br. 1H),
7.75 (d, J = 7.6 Hz, 1H), 7.44–7.51 (m, 4H), 7.34 (q,
1H), 7.16–7.20 (m, 2H), 6.48 (s, 1H), 2.91 (q, 4H,
J = 7.2 Hz), 1.16 (t, 6H, J = 7.2 Hz) ppm; 13C NMR
(100 MHz, DMSO-d6): 168, 164, 153, 150, 136, 132,
131, 130, 127, 124, 124, 123, 120, 116, 102.6, 42, 34,
11.5 (CH3) ppm.
2.2.  General  procedure  for  the  synthesis  of
biscomarin  derivatives
To a mixture of aldehyde (1 mmol) and 4-hydr-
oxycoumarin (2 mmol) dissolved in EtOH (5 mL),
O
OH
O
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O
OH
O
O
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O
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N
H
X
R
g-p
O
.
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Table 2
Synthesis of biscoumarin derivatives using of Bi(NO3)3·5H2O.a
Entry Aldehyde Time (h) Yield %b M.P. (◦C)/(Lit.)
g CHO 1.5 92 229–231(230–232) [12]
h CHOBr 1.20 95 266–268(265–268) [12]
i CHOF 1.20 96 212–214(213–215) [12]
j CHO
Br
1.5 94 202–204(203) [10]
k CHOCH3 1.40 92 265–267(266–268) [12]
l CHO
O2N
1.20 96 233–235(234–236) [12]
m CHOCl 1.20 96 254–256(256–258) [12]
n CHO
MeO
1.5 92 236–238(238) [10]
o CHOMeO 1.5 92 242–244(246–248) [12]
p CHOO2N 1.15 97 232–234(232–234) [12]
a Reaction and conditions: 4-hydroxy coumarin (2 mmol), aldehyde (1 mmol), and Bi(NO3)3·5H2O (0.25 mmol).
b Isolated yields.
Bi(NO3)3·5H2O (0.25 mmol) was added and stirred at
reflux temperature (TLC monitored completion), water
was added till precipitates occurred, cooled, filtered on
suction filtration and washed with little ice-cold water
followed by EtOH then drained to dryness to obtained
pure product.
3.  Results  and  discussion
In order to study the effect of catalyst, various
catalysts such as l-proline, polyvinyl polypyrrolidone-
borontrifluoride (PVPP-BF3), starch-SO3H, [bdmim]
PF6 and Bi(NO3)3·5H2O were tested for the reaction
of benzaldehyde, 4-hydroxycoumarin, and diethyl
amine in ethanol under reflux condition. Among these,
Bi(NO3)3·5H2O was found to be an effective catalyst
for the synthesis of 3-((aryl)(diethylamino)methyl)-
4-hydroxy-2H-chromen-2-one derivatives, but other
catalysts did not catalyze the reaction efficiently.
Therefore, this reaction proceeds with a cat-
alytic amount of Bi(NO3)3·5H2O in appropriate
reaction time, and very good yields. A variety of 3-
((aryl)(diethylamino)methyl)-4-hydroxy-2H-chromen-
2-one derivatives was prepared from arylaldehyde,4-hydroxy coumarin and diethyl amine in the pres-
ence of Bi(NO3)3·5H2O in excellent yields (Table 1,
entries a–f). The reaction of arylaldehyde, 4-hydroxy
coumarin, guanidine or acetamide in the presence
of Bi(NO3)3·5H2O lead to biscoumarin derivatives
and guanidine or acetamide remained unchanged
(Scheme 2). Also, a variety of biscoumarin derivatives
was prepared from 4-hydroxycoumarin and aldehydes
under similar conditions in excellent yields (Table 2,
entries g–p).
In a plausible mechanism, is assumed that, the
reaction may proceed through Lewis acid property
of the bismuth(III) due to coordination with carbonyl
group to facilitate formation of iminium ion from ary-
laldehyde and diethyl amine. Subsequent nucleophilic
addition of 4-hydroxy coumarin on iminium carbon leads
to the formation of 3-((aryl)(diethylamino)methyl)-4-
hydroxy-2H-chromen-2-one derivatives (Scheme 3).
In order to examine the scope and generality of
present method, the reaction of benzaldehyde and 4-
hydroxy coumarin was compared with some of those
reported in literatures (Table 3). It is evident that
Bi(NO3)3·5H2O can act as an effective catalyst for this
reaction with very good yield in appropriate time.
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Scheme 3. Plausible mechanism for the synthesis of 3-((aryl)(diethylamino)methyl)-4-hydroxy-2H-chromen-2-one.
Table 3
Comparison results of Bi(NO3)3·5H2O with some other catalysts reported in the literature.
Reagent Conditions Time (h) Yield (%)a Ref.
Piperidine EtOH/r.t. 4 92 10
H6[PMo9V3O40] EtOH:H2O/heat 15 70 11
SDS H2O, 60 ◦C 2.30 90 12
[bmim]BF4 Solvent-free, 60–70 ◦C 2 84 13
[P4VPy-BuSO3H]Cl-X(AlCl3) Toluene, 90 ◦C 0.6 95 15
P
B
4
n
(
a
B
A
B
R
[
[
[hospho sulfonic acid Solvent-free, 100 ◦C 
i(NO3)3·5H2O EtOH/reflux 
.  Conclusion
In summary, we have developed a conve-
ient methodology for the synthesis of 3-((aryl)
diethylamino)methyl)-4-hydroxy-2H-chromen-2-ones
nd biscoumarin derivatives in high yields using
i(NO3)3·5H2O catalyst.
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